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Abstract

A field study was undertaken to establish heavy metals’ (Cd, Cu, Mn, Pb and Zn)
concentrations in soil and Citrus species samples from two locations in Uyo metropolis
in Akwa Ibom State, Nigeria; L1 (Ebuk’s farm, Atan Offot village), L2 (Ukpabio’s farm,
Ikot Akpan Abia village, Ibesikpo L. G. A.) using atomic absorption spectrophotometer.
The results showed that the heavy metals (Cd, Cu, Pb, Mn and Zn) present in the soils
were within World Health Organization (WHO) permissible limits. Similarly, the heavy
metals concentrations of fruits were within WHO permissible limits. The highest
concentration of Mn (7.818+0.624mg/kg) was in L2, Pb (0.676+0.164 mg/kg) and Zn
(2.196+0.436mg/kg) were in L1. The levels of Cd, Cu, Mn, Pb and Zn in soil L1 were
0.212+0.036, 1.896+0.128, 0.676+0.164, 5.556+1.316 and 2.196+0.436mg/kg, L2 were
0.157+0.014, 1.157+0.285, 0.568+0.088, 7.818+0.624 and 1.403+0.311 respectively. In
Citrus plants, the highest concentration of Pb was from Citrus sinensis (1.75+0.04 mg/kg)
and Zn was from Citrus reticulata (6.27+0.10 mg/kg). The linear regression (graphs)
result showed Cu and Mn of Citrus reticulata; Cd and Cu of Citrus sinensis which
indicated that these plants have the ability to bioaccumulate these metals. The
concentrations of metals in soil and Citrus plant were in decreasing order: Mn>
Zn>Pb>Cd>Cu. The concentration of the heavy metals in the Citrus fruit and soil
samples in this study could serve as a baseline data for the assessment of agricultural and
vehicular exhaust pollutants in soils and Citrus fruit obtained in Akwa Ibom State of
Nigeria. There should be regular monitoring of toxic heavy metal levels in soil, sewage
and foods, to prevent their excessive build-up in the food chain.

1. Introduction

Heavy metal (HM) contamination in soil is a major concern because of their toxicity
andthreat to human life and the environment [1]. Heavy metals are major components of
petroleum hydrocarbon [2]. Emission from heavy traffic on roads contain lead (Pb),
cadmium (Cd), zinc (Zn) and nickel (Ni), which are present in fuel as anti-knock agents [3],
[4]. The deposition of vehicle derived metal and the relocation of metals deposited on road
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surface by air and runoff water have led to contamination of
soil [5], [6]. Heavy metal uptake via the roots from
contaminated soils and direct deposition of contaminants from
the atmosphere onto plant surfaces can lead to plant
contamination by HM [7]. Soil to plant transfer is one of the
key processes of human exposure to HM through the food
chain. Toxic heavy metals entering the ecosystem may lead to
geo-accumulation, bio-accumulation and bio-magnifications.
Heavy metals get into plants via adsorption which refers to
binding of materials onto the surface or absorption which
implies penetration of metals into the inner matrix. Both
mechanisms can also occur [8]. They get accumulated in time
in soils and plants and would have a negative influence on
physiological activities of plants (e.g. photosynthesis, gaseous
exchange and nutrient absorption) determining the reductions
in plant growth, dry matter accumulation and yield [9].

The consumption of plants produced in contaminated areas,
in addition to ingestion or inhalation of contaminated particles
[10] from vehicular emissions, are two principal factors
contributing to human exposure to metals [6]. Thus, the
consumption of metal contaminated plants may lead to hazard
of enriching human alimentary canal with toxic metals. There
are three primary areas affected by heavy metals in humans.
These are the nervous system, the cardiovascular system and
blood cells. Metals such as mercury and lead can disrupt nerve
cells. Lead, cadmium, nickel and mercury can affect blood
cells. The build-up of heavy metals can cause damage to the
liver, kidneys and the circulatory system. Lead can substitute
for calcium, particularly in bone. In children, when bones are
developing and inadequate quantity of calcium is taken, lead
can accumulate in the bones. This can cause damage to nerve
cells and the brain [11].

The determination of metal in environmental samples such
as soils and plants is very necessary for monitoring
environmental pollution [12]. Uyo as a growing city in south
southern Nigeria has experienced a rapid urbanization and
vehicular density in the last decades and the rapid increase in
the number of vehicles exerts heavy pressure on the urban
environment. Monitoring of the contamination of soil with
heavy metals is of interest due to their influence on ground
water and surface water and also on plants, animals and
humans [9]. This work, therefore, is aimed at investigating (a)
the levels of heavy metal contents in two different types of
Citrus species (b) the levels of heavy metal contents of soils
from the selected sites which the Cifrus speciesare grown (c)
assess the relationships between the soil and Citrus species
heavy metal contents determined using linear regression
graphs; and give a set of recommendations which should
serve as means of solving problems identified in the research
or as stepping stone to other researches.

2. Materials and Methods
2.1. Description of the Study Area

The study of heavy metal (HM) contents in soil and plants

was carried out in Uyo metropolis in Akwa Ibom State. Two
study sites were selected randomly for this study, namely;
Ebuk’s farm, Atan Offot village, Uyo L.G.A. (L1) and
Ukpabio’s farm, Ikot Akpan Abia village in Ibesikpo L.G.A.
(L2), all in Akwa Ibom State. Akwa Ibom is a tropical rain
forest areas in South-South Nigeria lying between latitudes
4°32" and 5°33'N, and longitudes 7°25 and 8°25 E; it has an
average temperature range of 25.1 to 27.8°C and an annual
rainfall range of 33-37.8mm with theland mass of 115km’
and the population of 1,400 million persons/km2 [13]. The
area is marked with a distinct rainy season occurring between
April and October and a dry season occurring between
November and early March. The average relative humidity is
about 80%, and up to 95% occurring at the peak of the rainy
season [14].

2.2. Sample Collection and Analysis

Samples were collected from two (2) locations within Uyo
metropolis between December 2012 and March 2013. In each
location, 10 soil samples and 10 plant samples were collected.
A soil auger was used to obtain two soil samples at the base
of each plant to a rooting depth of 20 cm [15]. Two fruits
were plucked from each species, preserved in bags and
labeled accordingly. The soil and fruit samples were put in
plastic bags and transferred to Aluminium Smelter Company
of Nigeria (ASCON), Ikot Abasi in Akwa Ibom State for
further treatment and analysis.

2.3. Laboratory Procedures

In the laboratory, the soil samples were air-dried at room
temperature and ground in a wooden mortar to pass through a
2 mm mesh sieve and stored in labeled soil bags. Sub-
samples were taken from each soil sample and analyzed for
heavy metal contents (Cd, Cu, Pb, Mn and Zn). Samples
were wet digested with a concentrated acid mixture (HNO;
and HCIO,). Plant samples were digested with HNO; and
HCIO, in 5:1 ratio until a transparent solution was obtained.
The soil and plant digested solutions were cooled to room
temperature, filtered, transferred quantitatively to 50 and 25
ml volumetric flasks, respectively, made up to volume with
distilled water and kept in clean plastic vials before metal
analysis [7]. Triplicate digestion of each sample together
with a blank was also carried out. Thereafter, quantificationof
metallic content of digested samples was carried out with a
flame atomic absorption spectroscopy AAS (UNICAM 919
model).

2.4, Statistical Analysis

Statistical package for Social Sciences (SPSS, Version
20.0) was employed for Regression Analysis (SMRA) in
order to determine the relationship between soil and species
Heavy metals contents while Graph Pad Prism 5 was
employed for Two Way Analysis of Variance (ANOVA) to
identify if there was any significant difference among the
data collected [16].
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3. Results and Discussion

HM Concentration in soil/ Citrus Fruits: Table 1 and 2
represent the means (£ S.E) of heavy metal contents in the
soil and Citrus fruits of the study areas. Analysis of variance
(ANOVA) indicates that there was no significant difference
at P = 0.05 among values obtained for soil and citrus fruits,

heavy metals in different locations and species, respectively.
The results also showed that the heavy metals (Cd, Cu, Pb,
Mn and Zn) present in the soils were within World Health
Organization (WHO) permissible limits. Similarly, the heavy
metals concentrations of fruits were within WHO permissible
limits.

Table 1. Mean (+ S.E.) of Heavy Metal Contents of two selected soil sites in Uyo Metropolis of Akwa Ibom State.

Cd (mg/kg) Cu (mg/kg) Pb (mg/kg) Mn (mg/kg) Zn (mg/kg)
L1 mg/kg 0.212+0.036 1.896+0.128 0.676+0.164 5.556+1.316 2.196+0.436
L2 mg/kg 0.157+0.014 1.157+0.285 0.568+0.088 7.818+0.624 1.403+0.311
Safelimit*[32] 3-6 135-270 250-500 - 300-600

Table 2. Mean (£S.E) of heavy metal contents of Citrus reticulata and Citrus sinensis from selected locations in Akwa Ibom State.

Cd (mg/kg) Cu (mg/kg) Pb (mg/kg) Mn (mg/kg) Zn (mg/kg)
Citrus reticulata 0.45+0.04 0.55+0.08 1.34+0.09 17.314£2.38 6.27+0.10
Citrus sinensis 0.84+0.14 1.14+0.08 1.7540.04 13.5142.74 4.41+0.34
Safe limit* [32] 1.5 30 2.5 - 50

From the study, elevated Cd was observed in the Citrus
fruits. The source of Cd in this study may be attributed to
vehicular emissions. Cadmium is released as a combustion
product in the accumulators of motor vehicles or in
carburetors [17], lubricants [18], wearing of paints on the
body of vehicles [6], tear and wear of tyres [19]. The ultimate
sink for HM is atmospheric deposition and burial in soil [20].
They (HM) often accumulate in the top layer of soil,
therefore, are available for uptake by plants via roots, which
is a major entry point of HM that ultimately affects different
physiological processes. Cadmium has no known bio-
importance in human biochemistry and physiology and
consumption even at very low concentrations can be toxic
[21], [22] and long term exposure results in fragile bones and
decreased bone strength [23], renal dysfunction,
characterized by tubular proteinuria [24] in humans, severe
irritation of the stomach leading to vomiting and diarrhea
which can sometime result in death, kidney damage [23].
Cadmium is also a proven human carcinogen [23]. Thus,
households or individuals that have been making uses of
Citrus reticulata and Citrus sinensis from the study site may
have predisposed themselves to serious health risk. The range
of Cd in this study is 0.45%0.04 to 0.84+0.14mg/kg which is
higher than 0.02+0.01 mg/kg in the leaves of Psidiumgua
java in Aba (Abia State)[6] and 0.08+0.01 - 0.21+0.01 mg/g
in leaves of Saba florida in Nigeria [25]. Indeed, metal
contamination in urban soilis of increasing concern due to
food safety issues and potential health risks associated with
intake of contaminated plant products [26].

The highest concentration of Pb in soil and fruits samples
were in L1 (0.676+£0.164 mg/kg) and Citrus sinensis
(1.75+0.04 mg/kg), respectively. Lead (Pb) concentration in
the samples may be attributed to vehicular emissions since

there was no other visible source of pollution in the study site.

Lead pollution in urban soil comes from combustion of
gasoline that contains tetracthyl lead as anti-knock agent [6].
Zinc and Pb are amongst the metal referred to as common
urban pollutants [27], [28]. Lead (Pb) was determined in

topsoils in South Australia, up to 50 km from any major road
and this was attributed to petrol exhaust, as no other sources
could be reasonably identified in the region [29]. In addition,
Pb released from exhaust emissions [30] into the atmosphere
may be deposited on leaf surfaces and absorbed inside plant
cells [6] where it may affect a number of cytoplasmic
enzymes [31]. Though the concentration of Pb in this study is
within the World Health Organization [32] safety limit, care
must be taken on the consumption of Citrus sinensis and
Citrus reticulata from the study area as these plants have
elevated levels of Lead and the capacity to bioaccumulate it.
Hence regular check is necessary to avoid a possible build up
in the plants in future. Its (Pb) poisoning causes inhibition of
synthesis of haemoglobin; cardiovascular system and acute
and chronic damage to the central nervous system and
peripheral nervous system [33], poor development of grey
matter in the brain of children, resulting in poor intelligent
quotient [34]. The range of Pb in this study is 1.34+0.09 to
1.7540.04mg/kg, which is higher than 0.17+ 0.02 mg/kg in
leaves of Saba florida in Nigeria [25] but lower than
10.47+0.93 mg/kg in leaves of Psidiumgua java in Aba [6].
The highest concentrations of Zn in soil and fruit samples
were in L1 (2.196+£0.436 mg/kg) and in Citrus reticulata
(6.27+0.10 mg/kg), respectively. The high value of Zn in L1
might be due to application of manures and fertilizers to the
soil. It might also be due to vehicular emissions. The
fragmentation of tyres has been implicated for higher
concentrations of Zn in heavy traffic zones [25]. Exhaust
emissions have been identified as primary source of metallic
nuisance [35] such as zinc. Trees in cities are more prone to
HM pollution due to pervasive pressure of auto vehicular
emissions [36] and plant leaf is the most sensitive part to be
affected by air pollutants as major physiological processes
are concentrated in the leaf [37]. This explains the reason for
the bio-magnification of metals in the plant samples of this
study. Zinc plays essential metabolic roles in the plant, of
which the most significant is its activity as a component of a
variety of enzymes, such as dehydrogenase, proteinases,
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peptidases and phospohydrolases [38]. It (zinc) balances
copper (Cu) in the body and is essential for male
reproductive activity [21]. Zinc deficiency causes anaemia
and retardation of growth and development [39] in human.
The consumption of Citrus reticulata by anaemic patient in
Uyo metropolis might reduce the adverse effect of anaemia
due to high content of Zn in these plants (Table 2).
Notwithstanding this, dietary intakes of Citrus fruits have to
be maintained at regulatory limits, as excesses may result in
poisoning or toxicity. The concentration of Zn in the soil and
fruits was found in the range of 4.41+0.34 to
6.27+0.10mg/kg. The level of Zn in the soil of this study is
lower than 9.0 - 400 mg/kg obtained in urban soils of Poznan
municipality, Poland [40], 0.90 - 169 mg/kg in Florida soils
[41], 58 - 330 mg/kg in roadside soils of Dortmund, Germany
(Munch, 1992) but higher than 0.774+0.070 mg/kg in soils of
Malaysia [38]. The range of Zn in the fruits is lower than
38.840.05 - 60.0+0.17 of Zn in aerial parts of Polygonatum
verticillatum [42] and 9.02+1.40 to 34.5842.07 mg/kg, [43]
but higher than 0.02+0.10 - 0.06+£0.10 mg/g in Saba florida
in Nigeria [25].

The highest concentrations of Cu in soil and fruit samples
were found in L1 (1.896+0.128mg/kg) and Citrus sinensis
(1.14+0.08mg/kg) respectively. Copper (Cu) like zinc, copper
is a component of many enzymes in the plant and plays a role
in energy metabolism [44]. The highest concentration of Mn in
plants was obtained in Citrus reticulata (17.31+2.38mg/kg).
The high value of Mn in this study might be due to the
application of manure. This is in agreement with the findings
of [45]. The pattern of result of heavy metals in Citrus fruits
shows that Mn> Zn>Pb> Cd > Cu.

4. Relationship Between Heavy Metal
Contents in Soil and Fruit of Two
Citrus species
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Figure 1. Relationship between Cd content in soil and Citrus reticulata (CR).

Figure 2. Relationship between Cd content in soil and Citrus sinensis (CS).
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Figure 3. Relationship between Cu content in soil and Citrus reticulata (CR).
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Regression graphs: Figures 1-10 are regression graphs
showing the relationships between soil and fruit heavy metal
(Cd, Cu, Pb, Mn and Zn) contents of Citrus reticulata and
Citrus sinensis. It shows the positive slopes observed in soil
and fruit relationship graph of Cu and Mn of Citrus reticulata;
Cd and Cu of Citrus sinensis indicate that these plants have
the ability to store these metals, which implies that the
increase in soil heavy metal contents will result in more
bioaccumulation in fruits. The positive slopes also imply that
the source of these metals is from the study soils. The
negative slopes signify that the plants have no ability for
bioaccumulation and also the elevated level of these metals
in fruit might have resulted from different sources of
pollution other than the soil. [46] also attributed positive
relationships between soil and plant heavy metal contents to
the study areas and negative relationships to other sources of
pollution. From the results, Citrus reticulata and Citrus
sinensis have the inherent ability to take up metals.
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5. Conclusion

The metals (Cd, Cu, Mn, Pb and Zn) investigated in this
study were detected in all the soils and were within the
recommended safe limits of heavy metals by World Health
Organization (W.H.O.) Standards. This research also shows
that heavy metal concentrations varied among the tested
fruits, which reflect the differences in their uptake
capabilities. The mean concentrations of Cd were low in the
soil but were biomagnified in the plant samples.
Conclusively, there were complex relationships among the
heavy metal contents in the soil and fruits of this study,
therefore it is recommended that Citrus farms should not be
sited too close to highways and recommended dosage of
agrochemicals must be used. The concentration of the heavy
metals in the Citrus fruit and soil samples in this study could
serve as a baseline data for the assessment of agricultural and
vehicular exhaust pollutants in soils and Citrus fruit obtained
in Akwa Ibom State of Nigeria. There should be regular
monitoring of toxic heavy metal levels in soil, sewage and
foods, to prevent their excessive build-up in the food chain.
Further research is required to determine the heavy metal
contents of soil and fruit grown in other Citrus- growing
regions of the country for sustainable citrus production. The
information obtained from this research could be essential for
a better Citrus production, town planning, management and
conservation of our vegetation ecosystems.

References

[1] Begum, A., Ramaiah, M., Irfanulla, K. and Veena, K. (2009).
Analysis of Heavy metal concentrations in soil and litchens
from various localities of Hosur Road, Bangalore, India.
CODEN ECJHAO, E-J. Chem., 6 (1): 13-22.

[2] Ajayi, A. O., Balogun, S. A. and Adegbehingbe, K. T. (2009).
Microbes and Mineral Elements in Oil ProducingAreas of
Ondo State, Nigeria. American-Eurasian J. Sci. Res., 4 (3):
204-212.

[3] Suzuki, K., T. Yabuki and Y. Ono, (2008). Roadside
Rhododendron Pulchrum Leaves as Bioindicators of Heavy
Metal Pollution in Traffic Areas of Okayama, Japan. Environ.
Monit. Asses., 149: 133-141.

[4] Atayese, M. O., Eigbadon, A. I, Oluwa, K. A. and Adesodun,
J. K. (2009). Heavy Metal Contamination of Amaranthus
Grown along Major Highways in Lagos. Afr. Crop Sci. J., 16:
225-235.

[5] Nabuloa, G., Oryem-Origa, H. and Diamond, M. (2006).
Assessment of Lead, Cadmium and Zinc Contamination of
Roadside Soils, Surface Films and Vegetables in Kampala
City, Uganda. Environ. Res., 101: 42-52.

[6] Ogbonna, P. C. and N. Okezie, (2011). Heavy Metal Level
and Macronutrient Contents of Roadside Soil and Vegetation
in Umuahia, Nigeria. Terrest. Aquat. Environ. Toxicol., 5: 35-
39.

[71 Zhuang, P., B. Zou, N. Y. Li and Z. A. Li, 2009. Heavy Metal
Contamination in Soils and Food Crops around Dabaoshan
Mine in Guangdong, China: Implication for human health.
Environ. Geochem. Health, 31: 707-715.

(8]

9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Lokeshwari, H. and Chandrappa, G. T. (2006). Impact of
Heavy Metal Contamination of Bellandurlake on Soil and
Cultivated Vegetation. Current Science, 91 (5): 622-627.

Suciu, I., C. Cosma, M. Todica, S. D. Bolboaca and L.
Jantschi, (2008). Analysis of Soil Heavy Metal Pollution and
Pattern in Central Transylvania, Int. J. Mol. Sci., 9: 434-453.

Zhuang, P., M. B. McBride, H. Xia, N. Li and Z. Li, (2008).
Health Risk from Heavy Metals via Consumption of Food
Crops in the Vicinity of Dabaoshan Mine, South China. Sci.
Total Environ., 407: 1551-1561.

Owusu, D. Y. (2011). Heavy Metal Contents of Soil and
Citrus Grown in Selected Districts of Ashanti Region, Ghana.
Journal of Applied Science. 5 (4): 708 - 711.

Ubom, R. M., Ogbemudia, F. O. and Benson, K. O. (2012).
Soil-Vegetation Relationship in Fresh Water Swamp Forest.
Scientific Journal of Biological Science, 1 (2): 13-16.

Akwalbom State Government (AKSG, 2008). Geography and
Location  about  Akwalbom  State,  Available at
(www.aksgonline.com). Retrieved 17-12-2010.

Department of Geography and Regional Planning, University
of Uyo, (2009). Akwalbom State Data Base Documentation
Profile. Uyo: Ibom Press Ltd. pp. 48-56.

Ubom, R. M. (1992). Structure and Distribution of
IsoberliniaCraib and Staph Woodlands in Kainji Lake
National Park. Unpublised Ph.D Thesis. ObafemiAwolowo
University, Ile Ife.

Aweto, A. O. (1981). Secondary Succession and Soil Fertility
Restoration in South Western Nigeria. Soil and Vegetation
Interrelationships Journal of Ecology, 69, 957-963.

Divrikli, U., S. Saracoglu, M. Soylak and L. Elci, (2003).
Determination of Trace Heavy Metal Contents of Vreen
Vegetables Samples from Kayseri-Turkey by Flame Atomic
Absorption Spectrometry. Fresenius Environ. Bull., 12: 1123-
1125.

Birch, G. E. and Scollen, A. (2003). Heavy Metals in Road
Dust, Gully Pots and Parkland Soils in a Highly Urbanized
Sub-catchment of Port Jackson, Australia. Austr. J. Soil Res.,
41: 1329-1342.

Smolders, E. and Degryse, F. (2002). Fate and Effect of Zinc
from Tire Debris in Soil. Environ. Sci. Technol., 36: 3706-3710.

Khan, A. G., Kuek, C., Chaudhry, T. M., Khoo, C. S. and
Hayes, W. J. (2000). Role of Plants, Mycorhizae and
Phytochelators in Heavy Metal Contaminated Land
Remediation. Chemotheraphy, 41, 197-207.

Nolan, K. (2003). Copper Toxicity Syndrome. The Journal of
Orthomolecular Psychiatry, 12, 270-282.

Young, R. A. (2005). Toxicity Profiles: Toxicity Summary for
Cadmium. Risk Assessment Information System (RAIS),
University of Tennessee. Available at (rais.ornl.gov/tox/
profiles/cadmium.shtml). Accessed 17-12-2010.

Ravichandran, S. (2011). Possible Natural Ways to Eliminate
Toxic Heavy Metals. International Journal ofChem Tech
Research, Avadi, Chennai, USA, 3 (4): 1886-1890.

Duruibe, J. O., Ewurugwu, J. N. and Ogwuegbu, M. O. (2007).
Heavy Metal Pollution and Human Biotoxic Effects.
International Journal of Physical Science, 2: 112-118.



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

International Journal of Ecological Science and Environmental Engineering 2017; 4(6): 86-92 92

Omale, J., (2010). Phytoconstituents, Proximate and Nutrient
Investigations of Saba florida (Benth.) from Ibaji Forest. Int. J.
Nutr. Metabol., 2: 88-92.

Manta, D. S., Angelone, M. Bellanca, A. Neri, R. and
Sprovieri, M. (2002). Heavy Metal in Urban Soils: A Case
Study from the City of Perlemo (Sicily) Italy. Sci. Total
Environ., 300: 229-243.

Allen, S. E., Grimshaw, H. M., Parkinson, J. A., Quamby, C.
and Roberts, J. D. (1986). Chemical Analysis. In: Moore, P. D.
and Chapman, S. B. (Eds.), Methods in Plant Ecology.
London: Blackwell Scientific, pp: 285-344.

De Miguel, E., Irribaren, 1., Chacon, Ordonez, A. and
Charlesworth, S. (2007). Risk-based Evaluation of the
Exposure of Children to Trace Elements in Playgrounds in
Madrid (Spain). Chem., 66: 505-513.

Pratt, S., (2006). The Environmental Fate of Traffic-derived
Metals in a Section of Wet Tropics World Heritage Area, Far
North Queensland. Ph.D Dissertation Submitted to James
Cook University, Cairns Campus North Queensland, Australia,
pp: 341.

Sutherland, R. A., J. P. Day and J. O. Bussen, (2003). Lead
Concentrations, Isotope Ratios and Source Apportionment in
Road Deposited Sediments, Honolulu, Oahu, Hawaii. Water,
Air, Soil Pollut., 142: 165-186.

Assche, F. and H. Clijsters, (1990). Effects of Heavy Metals
on Enzyme Activity in Plants. Plant Cell Environ., 13: 195-
206.

WHO (2007). Joint FAO/WHO Expert Standards Program
Codex Alimentation Commission. Geneva, Switzerland.
Available online http://www.who.int [Accessed 10/09/2012].

Ogwuegbu, M. O. C. and W. Muhanga, (2005). Investigation
of Lead Concentration in the Blood of People in the Copper
belt Province of Zambia. J. Environ., pp: 66-75.

Udedi, S. S., (2003). From Guinea Worm Scourge to Metal
Toxicity in Ebonyi State, Chemistry in Nigeria as the New
Millennium Unfolds. 2: 13-14.

Moller, A., Muller, H. W., Abdullah, A. Abdelgawad, G. and
Utermann, J. (2005). Urban Soil pollution in Damascus, Syria:
Concentrations and Patterns of Heavy Metal in the Soils of the
Damascus Ghouta. Geod., 124: 63-71.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Li, F. R, Ling, F. and Gao, X. Q. (2007). Traffic-Related
Heavy Metal Accumulation in Soils and Plants in Northwest
China. Soil Sedim. Contam., 16: 473-484.

Naveed, N. H., Batool, A. 1., Rehman, F. U. and Hameed, U.
(2010). Leaves of Roadside Plants as Bioindicator of Traffic
Related Lead Pollution During Different Seasons in Sargodha,
Pakistan. Afr. J. Environ. Sci. Technol., 4: 770-774.

Yap, C. K., M. R. MohdFitri, Y. Mazyhar and S. G. Tan,
(2010). Effects of Metal-Contaminated Soils on the
Accumulation of Heavy Metal in Different Parts of
Centellaasiatica: A Laboratory Study. Sains Malaysia, 39:
347-352.

Mc Cluggage, D., (1991). Heavy Metal Poisoning, NCS
Magazine, Published by The Bird Hospital, CO, USA
(www.cockatiels.org/articles/Diseases/metals.html).

Grzebisz, W., L. Ciecela, J. Komisarek and J. Potarzycki,
(2002). Geochemical Assessment of Heavy Metal of Urban
Soils. Pol. J. Environ. Stud., 11: 493-499.

Ma, L. Q., F. Tan and Harris, W. G. (1997). Concentrations
and Distribution of Eleven Metals in Florida soils. Environ.
Qual., 26: 769-775.

Saeed, M., H. Khan, M. A. Khan, F. Khan, S. A. Khan and
Muhammad, N. (2010). Quantification of Various Metals and
Cytotoxic Profile of Aerial Parts of Polygonatumverticillatum.
Pak. J. Bot., 42: 3995-4002.

Ogbonna, I. P. and Ogbonna, P. C. (2011) Heavy Metal
Content in Soil and Medicinal Plants in High Traffic Urban
Area, Pakistan Journal of Nutrition 10 (7): 618-624.

Beede, R. H., Brown, P. H., Kallsen, C. and Weinbawn, S. A.
(2002). Production Diagnosis and Correcting Nutrient
Deficiences Studies in Pistachio. In: Pistachio Industrial
Annual Report. California; pp. 147-156.

Bhargava, B. S. and Raghupathi, H. B. (2001), Soil and Plant
Diagnostic Norms of Perlette Grape. Haryana Journal of
Horticultural Science, 30 (3-4): 165-167.

Munch, D., (1992). Soil Contamination Beneath Asphalt
Roads by Polynuclear Aromatic Hydrocarbons, Zinc, Lead
and Cadmium. Sci. Total Environ., 126: 49-60.



